A hybrid tracking control scheme which combines RBF neural network with nonlinear H  method is proposed. RBF neural network is designed to approximate the system uncertainty terms, and H  control is utilized to achieve a desired robust tracking performance. Based on Lyapunov theory, the tracking errors of the closed-loop system are bounded. Besides, a specified H  tracking performance is obtained by the proposed robust hybrid control even though the disturbances are merely integral bounded. Compared the proposed method with the computed torque control under the uncertainties and external disturbances, simulation experiments show the effectiveness of the proposed control strategy.
Introduction
For the theme of tracking control for wheeled mobile robot, how to solve the nonlinear uncertainties of the system is still an active research field. In general, single control [1] scheme can usually not obtain ideal results. In recent years, hybrid control [2] strategies have been proposed in succession. Wang [3] achieved the real-time tracking target task by combining visual servoing system with the adaptive algorithm. Wong [4] stated fuzzy tracking systems based on switching grey prediction and it can be extended as a flexible strategy in dealing with the uncertain environment in robotics applications. However, the nominal inertia matrix, coriolis force matrix and gravity matrix should be precisely known in the above papers. Khalaji [5] formulated a controller which colligated robust control law and adaptive control method, it has a better tracking performance in consideration of upper-bounds of disturbances. In [6] , Peng described a scheme based on fuzzy logic system and H  control methodologies. However, the disturbances assumed in the above literatures need to be uniformly bounded.
In this paper, only the nominal inertia matrix is assumed to be known in the proposed scheme. Nonlinearity that attributes to errors of the system modeling can be perfectly approximated by RBF neural network. Moreover, the robust H  control approach can guarantee robustness to parametric and dynamics disturbances. Especially, the disturbances are assumed to be integral limited in the proposed scheme. Based on Lyapunov stability theorem, the proposed robust controller can guarantee stability of closed-loop system and a certain tracking performance. Finally, simulation examples show the efficiency of the proposed method.
Robust Hybrid Control Design
Consider a two-wheel mobile platform with nonholonomic constraints, according to reference [6] [7] , the kinetic equation is redefined as follows,
where r w and l w denote the angular speed of the right wheel and the left.
However, the precise values of the the parameters   Mq,   
It is assumed that the nominal parts of the inertia matrix in the mobile robotic system is precisely known, other uncertain parts are unknown. At the same time, RBF neural network can be applied to approximate 
where u is used to compensate the errors of external disturbance and neural network approximation in the system. Substitute Eq. 
Integrating the above inequality from t = 0 to t = T yields, 
where  is a arbitrarily small positive number. As a result, all the state variables in the closed loop system are bound according to our analysis.
Simulation Result
Simulations are carried out in two-wheel robot platform .The nominal parameters are m=10kg,R=0.25m,r=0.05m and d=0 . It is assumed that the desire trajectories of  . The number of hidden layer neurons is selected as 7. Compared the CTC method with the proposed method, the Fig.1, Fig.2 show the results of the simulation experiments. From the above figures, It is obviously that the tracking error of the proposed method is better than the CTC method. Besides, the chattering of tracking error has been remarkably reduced when the tracking trajectory changes at 10 ts  and 20 ts  . As a result, we can conclude that the robust hybrid 
Conclusion
This paper presents a robust tracking control scheme for mobile robotic platform with mathematical derivations of global stability. The central idea is to combine RBF neural network with a robust H  controller. Theoretical analysis shows that robustness to approximation errors can be ensured and the effect of finite-energy, immeasurable external disturbances entering the system can be attenuated. Moreover, It can be guaranteed that all signals in the closed loop are bounded. The results of the simulation demonstrate that the proposed control method has better robust performance than CTC method under the same external disturbances.
